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Objective: To investigate the risk factors related to the development of pressure sores in critically ill
surgical patients and to establish a basis for the formulation of effective precautions.
Methods: A questionnaire regarding the factors for pressure sores in critically ill surgical patients was
created using a case control study with reference to the pertinent literature. After being examined and
validated by experts, the questionnaire was used to collect data about critically ill surgical patients in a
grade A tertiary hospital. Among the 47 patients enrolled into the study, the 14 who developed noso-
comial pressure sores were allocated to the pressure sore group, and the remaining 33 patients who met
the inclusion criteria and did not exhibit pressure sores were allocated to the control group. Univariate
and multivariate logistic regression analyses were employed to examine the differences in 22 indicators
between the two groups in an attempt to identify the risk factors for pressure sores.
Results: According to the univariate analyses, the maximum value of lactic acid in the arterial blood, the
number of days of norepinephrine use, the number of days of mechanical ventilation, the number of days
of blood puriﬁcation, and the number of days of bowel incontinence were statistically greater in the
pressure sore group than in the control group (p < 0.05). The multivariate logistic regression analysis
revealed that the number of days of norepinephrine use and the level of lactic acid in the arterial blood
were high risk-factors for pressure sores (p < 0.05).
Conclusions: The best method for preventing and control pressure sores in surgical critically ill patients is
to strongly emphasize the duration of the critical status and to give special attention to patients in a
continuous state of shock. The adoption of measures speciﬁc to high-risk patient groups and risk factors,
including the active control of primary diseases and the application of decompression measures during
the treatment of the patients, are helpful for improving the quality of care in the prevention and control
of pressure sores in critically ill patients.
© 2015 The Authors. Production and hosting by Elsevier B.V on behalf of Shanxi Medical Periodical Press.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).1. Introduction
Pressure ulcers are skin lesions that are caused by changes in the
interior and exterior environments of the skin and its own condi-
tion in response to the effects of various factors. The care of pres-
sure ulcers has always been a focus and a difﬁculty in the nursing
ﬁeld. Because critically ill surgical patients remain in stressed states
due to their critical conditions and exhibit incidences of pressure
ulcers up to 14.3%e51.0%,1,2 they are the key subjects of pressure
ulcer prevention and control.).
al Periodical Press.
ng by Elsevier B.V on behalf of Sha
d/4.0/).The Braden scale is currently the most commonly used risk
assessment scale in clinical practice. This scale focuses on six
factors, including perception and sensation, mobility, activity, skin
humidity, nutritional status, and friction and shearing forces.
However, to beneﬁt from more active risk precautions related to
pressure ulcers, the Braden scale must be used in connection the
identiﬁcation of additional risk factors.3 Foreign investigators have
revealed that there are nowmore than 100 types of risk factors for
pressure ulcers4; therefore, the present study was designed to
identify the indicators that best serve an early warning function
for pressure ulcers in critical surgical patients. This study inves-
tigated the information related to patients with pressure ulcers
and critically ill surgical patients who did not experience pressure
ulcers during the same period and further analyzed the strong risknxi Medical Periodical Press. This is an open access article under the CC BY-NC-ND
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for improvements in the prevention and reduction of pressure
ulcers.
2. Material and methods
2.1. Research subjects
The subjects enrolled in this study were critically ill patients
who were admitted to the general surgery ICU of a grade A tertiary
hospital in Beijing from January 2010 to December 2012. The in-
clusion criteria were as follows: patients who ① were at least 18
years old, ② did not suffer from pressure ulcers outside the hos-
pital and were deemed to be at extreme risk for pressure ulcers in
an initial assessment after admission to the ICU (i.e., a Braden
score 9), ③ were in critical condition and exhibited acute
physiology and chronic health evaluation II scores (APACHE Ⅱ)20
within 24 h of entering ICU, and ④ were patients whose ICU stay
was 14 days. Among the 47 patients enrolled into this study, 14
cases with pressure ulcers were allocated to the pressure ulcer
group, and the remaining 33 patients without pressure sores were
allocated to the control group. In the case group there were 12
males and 2 females with an average age of 70.43 ± 15.30 years, an
APACHE II score of 24.29 ± 5.01 within 24 h in the ICU and an
initial Braden score of 7.29 ± 0.99 in the ICU, including 8 cases with
severe acute pancreatitis, 4 with fecal peritonitis and 2 with other
severe surgical infections. According to the standard pressure ul-
cer classiﬁcation revised by the National Pressure Ulcer Advisory
Panel (NPUAP) in 2007, 7 of these patients were classiﬁed into
Phase II sacral pressure sores, 2 cases with phase III pressure sores,
1 case with a suspiciously deep sore, 3 cases with phase II pressure
ulcers in the heels of the feet, and 1 case with phase II pressure
ulcers on the knees. The average duration of the patients with
pressure ulcers in the ICU was 38.57 ± 26.42 days. There were 24
males and 9 females with an average age of 69.18 ± 15.75 years, an
average APACHE II score of 23.82 ± 3.38 within 24 h in the ICU and
an average initial Braden score of 7.04 ± 1.07 in ICU, including 20
cases with severe acute pancreatitis, 6 cases with faecal perito-
nitis, and 7 cases with other severe surgical infections. There were
no signiﬁcant differences in gender, age, APACHE II score within
24 h in the ICU, initial Braden score in the ICU or disease diagnosis
between the patients in the two groups (p > 0.05). The results
were comparable.
2.2. Research methods
The methods of a retrospective study were adopted. The ques-
tionnaire regarding the pressure ulcer risk factors was self-
designed based on the related literature from all countries of the
world and proceded through 2 rounds of assessment by 6 clinical
nursing specialists prior to its application. The content validity of
the questionnaire was 0.91. The authors collected data regarding
the 47 participants that included the following 22 indicators:
gender, age, body weight, length of ICU stay, APACHE II scorewithin
24 h in the ICU, initial Braden score, the lowest blood albumin value,
the highest lactic acid value in the arterial blood, the administration
of vasoactive agents (e.g., noradrenaline), the maximum dose and
the total number of days on noradrenaline, the efﬁcacy and number
of days on mechanical ventilation, the consciousness of the patient,
the administration and number of days on sedatives, the condition
and the total number of days of blood puriﬁcation therapy, the
conditions of skin oedema and severe oedema (severe oedema
referred to severe oedema in the systematic tissuewith tension and
lustre of the skinwhere it drooped on the body), and the number of
days of incontinence. Based on the medical records and primarylaboratory sheets, the data were investigated and recorded item-
by-item and examined via statistical descriptions and analyses
following collection.
2.3. Statistical methods
All data were analyzed with SPSS version 18.0 after completing
the input into a computer by specially assigned persons. The main
statistical analysis methods included rank sum tests, chi-square
tests, and single factor and multiple factor non-conditional logis-
tic regression analyses, and p < 0.05 was considered to indicate
statistical signiﬁcance.
3. Results
3.1. Comparisons of the indicators between the two groups
By comparing the clinical data between the 14 patients with
pressure ulcers and the 33 patients without pressure ulcers, the
peak level of lactic acid in the arterial blood, the number of days on
noradrenaline, the number of days of mechanical ventilation, the
number of days of blood puriﬁcation therapy, and the number of
days of incontinence in the pressure ulcer group were found to be
statistically greater than those in the control group (z values
of 2.865, 2.879, 2.224, 1.988 and 1.930, respectively,
p < 0.05). There were no signiﬁcant differences in the remaining 17
indicators between the two groups, which indicate that the 5 in-
dicators were the ones that were potentially related to the devel-
opment of pressure ulcers.
3.2. Single-factor logistic regression analyses of pressure ulcer risk
factors
Using the development of pressure sores as the dependent
variable and the 22 indicators as the independent variables in
single-factor non-conditional logistic regression analyses revealed
that the 5 indicators that were signiﬁcantly different between the
two groups were closely related to the development of pressure
ulcers (p < 0.05). No signiﬁcant differences were observed in the
remaining variables as listed in Table 1.
3.3. Multivariate logistic regression analysis of the risk factors for
pressure ulcers
According to the above analytic results, the factors with signif-
icant effects in the single-factor logistic regression analyses were
introduced into the multivariate logistic regression model. As
shown in the results, the peak level of lactic acid in the arterial
blood and the number of days taking noradrenaline contributed as
the independent risk factors for pressure ulcers (p < 0.05) as listed
in Table 2.
4. Discussion
4.1. Substantial emphasis should be placed on the durations of
patients' critical conditions in the prevention and control of pressure
ulcers
It has been shown that the risk of developing pressure ulcers
increases as the APACHE Ⅱ score increases; therefore, use of pres-
sure ulcer risk assessment scales (e.g., the Braden score) is needed
in clinical practice to predict and prevent pressure ulcers.5 The 47
cases in this study were relevant to the prevention and control of
pressure sores because all cases conformed to the inclusion criteria
in terms of critical conditions, extremely high risks for pressure
Table 1
Single-factor logistic regression analyses of the risk factors for pressure ulcers.
Variable Regression coefﬁcient Standard deviation Wald X2 value P OR value 95% Conﬁdence intervals
Lower limit Higher limit
Age 0.005 0.022 0.063 0.802 0.995 0.953 1.038
Gender 0.869 0.742 1.369 0.242 2.383 0.556 10.212
APACHE Ⅱ score 0.030 0.083 0.132 0.716 0.970 0.825 1.141
Braden score 0.235 0.318 0.546 0.460 0.791 0.424 1.474
Body weight 0.005 0.025 0.042 0.837 0.995 0.947 1.045
Days of ICU stay 0.011 0.012 0.886 0.346 0.989 0.966 1.012
Albumin 0.030 0.057 0.277 0.599 1.030 0.922 1.152
Lactic acid in arterial blood 0.621 0.193 10.311 0.001 0.537** 0.368 0.785
Whether hypertension was caused by the 1.239 0.739 2.812 0.094 0.290 0.068 1.232
Maximum dose of norepinephrine 1.787 1.050 2.898 0.089 0.168 0.021 1.311
Days of taking norepinephrine 0.111 0 ± 042 6.992 0.008 0.895** 0.824 0.972
With or without coma 0.329 0.978 0.113 0.737 0.720 0.106 4.897
Whether sedatives were used 0.223 0.718 0.097 0.756 1.250 0.306 5.102
Days of taking sedatives 0.005 0.073 0.005 0.942 1.005 0.871 1.161
With or without oedema 0.552 0.767 0.518 0.472 0.576 0.128 2.588
With or without severe oedema 0.856 0.687 1.553 0.213 0.425 0.111 1.632
With or without blood puriﬁcation 0.348 0.643 0.294 0.588 0.706 0.200 2.487
Days of blood puriﬁcation 0.117 0.047 6.123 0.013 0.889* 0.810 0.976
Whether mechanical ventilation was used 20.408 28420.737 0.000 0.999 0.000 0.000
Days of mechanical ventilation 0.027 0.014 3.700 0.049 0.974* 0.948 1.001
With or without encopresis 0.527 0.658 0.643 0.423 0.590 0.163 2.142
Days of encopresis 0.175 0.076 5.294 0.021 0.840* 0.724 0.974
Note: **P<0.01 and *P<0.05, and these conventions are used hereafter.
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foreign studies have conﬁrmed that the occurrence of pressure
ulcers is associated with factors, such as unstable hemodynamics,
the use of vasoactive agents, edema, hypoxemia and abnormal
weight,6,7 and our previous research demonstrated that factors,
such as unstable blood circulation (particularly hypotension), renal
failure and the use of sedatives are also risk factors for pressure
ulcers.8 Based on an extensive literature search and our own
studies, 22 indicators were identiﬁed in this study for deep analysis
and research. Comparisons of the indicators between the two
groups revealed that the level of lactic acid in the arterial blood, the
number of days on noradrenaline, the number of days on me-
chanical ventilation, the number of days receiving blood puriﬁca-
tion, and the number of days of incontinence were signiﬁcantly
greater in the pressure ulcer groups than in the control group (p＜
0.05). To conﬁrm the correlations of the 5 indicators with the
development of pressure ulcers, we conducted single-factor logistic
regression analyses of the 22 indicators. The results shown in
Table 1 revealed that the 5 indicators were indeed closely related to
the occurrence of pressure ulcers (p < 0.05). These ﬁndings suggest
that the duration of organ dysfunction in critically ill patients may
be a risk factor for pressure ulcers. Therefore, great importance
should be attached to the duration of the critical conditions of
patients for the care of pressure ulcers, and pressure ulcer pre-
vention and control techniques should continuously, constantly,
carefully and earnestly performed every day, every shift and every
hour.Table 2
Multivariate logistic regression analysis of the risk factors for pressure ulcers.
Variable Regression coefﬁcient Standard de
Constant 6.591 2.089
Peak level of lactic acid in the arterial blood 1.862 0.753
Days taking norepinephrine 0.333 0.168
Days on mechanical ventilation 0.006 0.100
Days of blood puriﬁcation 0.140 0.073
Days of incontinence 0.006 0.100
Note: *P<0.05.4.2. Special attention should be paid to patients in a continuous
state of shock for the prevention and control of pressure ulcers
We found that 5 indicators were highly related to the devel-
opment of pressure ulcers via the single factor analyses. To further
identify the independent risk factors for pressure ulcers, we
included these indicators in a multivariate non-conditional logistic
regression model and found that a high level of lactic acid in the
arterial blood and the time receiving noradrenaline were the high-
risk factors for pressure ulcers as shown in Table 2. The 47 cases in
this study were all critically ill patients with severe surgical in-
fections; 87.5% of these patients concurrently developed septic
shock and depended on vasoactive agents (e.g., noradrenaline) to
sustain their blood pressures. Although no signiﬁcant difference
(p > 0.05) existed between the two groups in terms of noradrena-
line use (c2 value, 2.988) or maximum dose (z value, 1.848), the
time of noradrenaline use (p < 0.01) and the lactic acid concen-
tration in the arterial blood (p < 0.01) were signiﬁcantly greater in
the case group than in the control group. The fact that lactic acid
concentrations in the arterial blood increased with the duration of
the use of vasoactive agents proves that the hypoxic conditions of
the tissues and organs and hypoperfusion9 were worsened by
increasing durations of shock. Shock patients with clammy skin
which are piebald and exhibit ischemia and hypoxemia are very
likely to develop pressure ulcers, and the continuation of the shock
status further increases the risk of skin lesion. Therefore, in addi-
tion to patients with Braden scores that indicate risk, special
attention should also be paid to patients with high levels of lacticviation Wald X2 value P OR value 95% Conﬁdence intervals
Lower limit Higher limit
9.952 0.002 728.486
6.114 0.013 0.155 0.036 0.680
3.961 0.047 1.396* 1.005 1.938
0.003 0.954 0.994 0.817 1.209
3.682 0.055 0.869 0.753 1.003
0.003 0.954 0.994 0.817 1.209
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durations, which means that important control and prevention
measures should be continuously applied for patients who are in
continuous states of shock because this is a high-risk group.
4.3. The key issue of pressure ulcer prevention and control lies in
the adoption of measures that are speciﬁc to high-risk patients and
factors
The fundamental measures of pressure ulcer prevention and
control in critically ill surgical patients include the adoption of
effective rescue measures by the medical staff, the most rapid
possible recoveries of the stabilities of functions such as blood
circulation, respiration and kidney activity, and the shortening of
the duration of the critical condition while paying special attention
to the active treatment of shock, including the immediate correc-
tion of hemodynamic disorders through ﬂuid resuscitation, the
recovery of effective perfusions of the important organs, improving
the microcirculation, reducing the lactic acid levels in the arterial
blood and the use of vasoactive drugs. These measures can funda-
mentally prevent pressure ulcers.
Active interventions can be adopted during the rescue of pa-
tients to prevent pressure ulcers. Among these, decompression is
the important measure for pressure ulcer prevention and control.
Because patients in the supine position cannot achieve decom-
pression by turning over, nurses are required to provide air beds for
each patient and to assess the effectiveness of the beds every shift.
Once any uninﬂated or under-inﬂated air bed is detected, the nurse
must determine the problem and solve it immediately. Based on the
application of air beds, hydrocolloid or soft silicone dressings can
be stuck to the protruding parts of the patients' bones to facilitate
blood circulation in the local skin and strengthen the anti-pressure
abilities of the skin. Moreover, high molecular polymers can be
added between the decompression dressings and air beds at the
part of sacrum and the heel that are most vulnerable to pressure
ulcers to further relieve the oppression of the body weight.
Furthermore, when identifying patients at high risk for the
development of pressure ulcers, the medical staff should be
required to implement the disclosure of pressure ulcer risk and
prevention measures through positive and repetitivecommunication with relatives of the patients to prevent nurse-
patient disputes.5. Conclusions
As the development of a pressure ulcer is multifactorial and
complex, the identiﬁcation of the risk factors for this condition is of
great importance to the adoption of the corresponding precautions.
This study veriﬁed several risk factors related to the development
of pressure ulcers in critically ill surgical patients. The enhance-
ment of monitoring and the active implementation of precautions
are needed, particularly for patients with these risk factors, which
further validates the effects of constant and practical improve-
ments of the quality of critical care.Conﬂicts of interest
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